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(54) CnOCOB 05HAPYXEH14* B3PblBHA- 
TbIX BELUECTB C HCnO/1b30BAHl4EM 
flAEPHOTO KBAflPynO/lbHOrO PE30- 
HAHCA ^ 

(57) CymnocTb M3o6peTeHMfl: o6c/ieAyeMbi* 
npeAMeT o6/iyHaKrr AeyM* MHoroMMny/ibcnu- 
mm noc^eAOBaTenbHocT»MM. KOTopwe OTnnna- 
k)tc» nacTOTOfl 3anonHeHMA paAMOHMny/ibcoB 
ocymecTB/iflioT noc/ieAywmee naKonneHMe h 
o6pa6oTKy CMTHa/ia. 



Cnoco6 npeAHa3H8MeH aa« o6HapyxeHna 

CKpbJTWX SfiK/iaAOK B3pblBMaTbix BemecTB (BB) 
M MOJKeT 6blTb WCnO/lb30BaH npM TaM0)K6HH0M 

Aocmotpc b KpMMn Ha/incTUKe u b APyrwx cny- 
Manx, xorAa T.pe6yeTC» onpeAe/iMTb Hanunne 
BB BHyrpn npeAMCTOB 6e3 HapyweHMa ueno- 

CTHOCTW 06onOHXM. 

Ue/ib M3o5peTeMMB - coKpamewwe BpeMe- 
hm o6c/ieAOBaHw« npn coxpaHemiH bwcokom 

AOCTOBepHOCTM pe3y/1bTaTOB. 

Cnoco6 o6MapyjK6HMR BB BK/iiOMaeT b ce- 
6a o6nyMeHne o6c/ieAyeMoro npeAMeTa Ha 
MacTOTe HKP MHoroviMny/ibCHoA noc/ieAOBa- 
Te/ibHOCTbio, xorepeHTHoe Haxon/ieMMe HKP- 
curHa/ia, o6pa6oTKy HBKon/ieHHoro CMrna/ia m 
cpaBHeHwe no/iyneMHoro pe3y/>bTaTa o6pa6oT- 
km c noporoBWM 3HaseHHeM. AononHMTe/ibHoe 
o6/iyqeHne npeAMeTa MHorowMnynbCHOft no- 
cneAoeaTe/ibMOCTbio, nacTora aano/meHM* pa- 

AMOMMny/lbCOB B KOTOPOA OTflMMaeTCn ot 

sacTOTw 3ano/iHeHM« peAMOMMny/ibCOB npw 
nepBOM 06/iyMeMMM Ha Be/iUHnny 1 1(2 t), (r^e r - 
nepwoA c/ieAOBaHM» paAMOMMny/ibcoB b no- 
cneAOBaie/ibHOCTflx). o6pa6otKy Haxon/ieHHo- 
ro CMfHana m Aono/iHMTe/ibHoe cpaeHenvie 



pe3ynbTara BToporo Haxon/ieHUfl c nepeoHa- 
Ma/ibHO Bbi6paHHbiM noporoM. 

Bwboa o npucyTCTBMM BB Ae/iawT npn 
npeebiuieHMM nofiyneHHoro pesy/ibTaia ee/in- 
hmhw noporoBoro 3HaneHHfl b oahom ms o6/iy- 

MeHMW. 

Ha 0nr.1 npMBeAeHa CTpyKTypHan cxeMa 
MaiceTa ycTpotfCTea. pea/iwayiomero npeA/iara- 
eMbfM cnoco6. 

MaKeT ycTpoMCTea na 4>nr. 1 pa6oiaeT cAe- 

Ay»OiMMM 06P330M. CMHTe3aTOp MaCTOTW (CH) 

1 (HanpuMep. Tuna H6-31) Bwpa6aTWBaeT *o- 
/ie6aHM« c MacTOTOM f i, frmaKoa k sacTOTe flKP 
BB, nocTynawmne na bxoa 4>opMnpoeaTe/ifl 
P9AOMMny/ibCOB 2, KOTopwA no cuma/iaM ot 
ycTpowcTBa ynpaefleHM* m o6pa6oTicvi curHa/ia 
(VVOC). b xanecTBe KOToporo Mcnonb3oea/iacb 
3BM TMna 1N-1200 (OpaH U Mfl). c|)opM M pyeT 
cepn»o KprepeHTHbix paAMOMMny/ibCOB c nnv\- 
re/ibHOCTbK) t w m nepnoAOM c/ieAOBaHna r. 

YCM/lMTe/lb MQIMHOCTM 3 yCM/lMBaeT paAHOMM- 

ny/ibcu ao ypoBH», Heo6xoAMMoro a/i« C03Aa- 
hm» HanpRxeHHocTM MarHMTHoro no/ifl oko/io 
10-20 Tc b o6c/ieAyeMOM o6beMe. Ycn/ieMH we 
MMny/ibcw noctynawT Ha a3tmmk 4. 06wmho 
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Aap C03A3mm« MarHMTworo nonR Mcnonb3yK)T 
KaTyujKy MHAyxTMBHOCTu, BxoAfliuyK) b peao- 

H3HCHWW KOHTyp. C XOH Ty pa A3 T ^MK3 4 npMHfl- 

twm cm r h a a HKP nocTynaei Ha npweMnoe 
YCTpovtCTBO (ny) 5. ocyuiecTBnfl»ou4ee ero yen- 5 
Aenue m xaaApaTypnoe AeTeKTMpoaaMne. aa» 
nero Ha ny 5 ot CM 1 noA3Knc« onopMwe 
HanpflxeHMfl, 4>a3a OAnoro H3 kotOpux cabw- 
Myra na ri/2 OTHOCMTe/ibHO 4>a3bi APyroro c 
noMoiAbHD 4>a30Bpau4aTe/ifl 6. floc/ie <|>MAbTpa- 10 

UWU HM3KOMdCTOTHbJe CMTHa/lW KBdAPSTypHblX 

KaHanoB nocTynator Ha YYOC 7. xoTopoe ocy- 
mecTBnseT 8Hanoro-un4>poooe npeo6pa3oea- 
Hue H korepenTHoe cyMMnpoBanne curHa/ioB. 
no okohmshhh noc/ieAOBaTe/ibHOCTw MMny/ib- 15 
cob yyOC 7 npon3BOAMT o6pa6oTKy naxon- 
abhhoto curna/ia m cpaBneHne pe3y/ibTdTa 
o6pa6oTKM c noporoM, Be/iiiHHHd KOToporo yc- 
t0H0&ahb3Ctc« wcxoaa M3 Tpe6yeMwx BeponT- 
HOCtew nponycKO M-no>KHoroxpa6aTbiBaHMfl--20 

a. npn npeewujeHnn noporoBOro 3HaM6Hiin 
yyOC 7 Bwpa6aTWBaeT cwrHan mhamk3UMh hb- 
ammmh BB b o6c/ieAyeMOM npeAweie aaa 6ao- 
KB cur Ha/inaaqnn 8. Ecnn xe nopor He 
npeBbiuieH. to yyOC 7 BuiAaeT na CM 1 kombh- 25 
Ay ycTanoBKH nacTOTbi. pobhom f2 ~ f r ±1 /(2 t) 
* npowaBOAMTcn nooTopnoe o6/iyMeHne npeA- 
MeTa MHoronMnyAbCHOui noc/ieAoaaTe/ibHo- 
dbK). HaxonneHwe m noBTopnoe cpaBHeHwe 
peay/ibTaia o6pa6oTxn naxonAeHnoro CHma- 30 
na HKP, no/iyneHHoro npu aTOpOM 06/iyneHviM. 
B CAysae npeBuweHwn pesy/ibiaTa QToporo 
oBnyMennfl naA noporoM npuHMMaeTCP pewe- 
Hue o nanuMMM BB b o6cneAyeMOM npeAMeie. 
B npoTHDHOM cnynae yYOC 7 Bwpa6aTbiBaeT 35 
cuman BC 8. yxasbiaaKDiUMM na OTcyTCT- 
bmg KOHKpeTHoro Tuna BB. 

npw npoBepne na Ha/inMne neCKonbxux 
throb BB yxa3aHHafl nocneAOBaie/ibHOCTb 
onepauMfl noBTOp^eTca aah xaxAoro BB, 4 ^ 
npn 3tom CHI w Komyp AaTMnxa 4 nepecTpa- 
nBaK>TCfl Ha nacTOTy, cooTaeTCTByioinyio pe- 
30h shchom MacTOTe BB. noAAexamero 
o^HapyxeHUKD 

CpaBHUTe/ihHwe ncnbiT^HMn no flanHOMy *5 
cnoco6y n no cnoco&y-nporOTuny 3aKn»OHa- 
/incb b npoaeAeHnn AByx cepww no 100 o6cne- 

A0B3HHM KdXAbJM CnOC060M, npM 3T0M B 

oahom M3 cepwA o6c/ieAOB3HHfl ynaxoBxa pa3- 
MepoM 350x350x50 mm coAepxaAa 3axA3Axy 50 
rexcoreHa Maccon 10 r. a bo btopom cepnn 
3aKAaA*a OTcyrcTBOoana. J\nn MAeHTiKfeuxa- 
uvtn rexcorena ucnonb30Banacb hmhup = 
*3410 KT14. Hpn o6cneAOBaHMM no A^HHOMy 
cnoco6y umk/] oocneAOBamin cOAep^a^ cne- 55 
Ay»omne 3Tanw: pa3MeiueHHe ynaxoBxn b ast- 
hhk e . o6/iyM6Hne ee noc/ieAOBaie/ibHOCTbK) 
H3 9000 HMny/ibCOB (; r^epnOAOM cneAOsa* 
hub r 630 mkc n Mac to i om sano/iHeHufl fi 



-3410 xf u. xorepeHTHoe Haxonnenne AKP-ot- 
x/iMxoB. cDypbe-npeo6pa30B3HMe (cDfl) Haxon- 
neHHoro curnana. BWHucfteHiie MHTerpana 
MOAy/i» on m cpaBneHne nonyneHHoro 3Hase> 
hmr c noporoBWM anaMeHuieM. Be/iMMMHa no- 
pore 6wna Bw6paHa mcxoaa M3 o6ecneseHHp 
BeponTHocTeii a=fi - 0.05. Ecnu npn nep- 
bom o6nyHeHMM Be/inMMHa nopora ne npeew- 
ujeHa. to Mepea 1 cex npoaoAM/iocb 
o6/iyMeHwe btopom noc/ieAOBaTenbHocTbK) c 
TaxnM xe xo/iMsecTBOM MMnynbcoB n nepno- 
Aom cneAoeaHMfl. ho c m3Ctotom 3anonHenn« 
paAMOMMny/ibCOB f2 - 3410.8 xTu. Ec/im^, no- 
cne BToporo o6/iyseHun nopor ne 6wn npeBw- 
ujeH. npuHMManocb peuieHwe 06 OTcyTCTBMM 
3axnaAXM. PeujeHMe o HannmiM 3axnaAXM npw- 
HUManocb a cnynae npeBbiujeHMB nopora xotr 
6w a oahom M3 Aayx M3MepeHMM. HpM npoBe- 
AenMM cepMM us 100 o6c/ieAOB3HHM c ynaxoB- 
-Kofl, coAepxaiMeM-3axnaAxy-r.excoreMa~B-43- 
c/iyManx 3axnaAxa BB 6bi/i3 o6HdpyxeH3 npy? 
nepsoM MSMepennn. b ocTanbHwx 57 cnyMaax 
noTpR6oBanocb ABa M3MepeHWH. m cpeAnee 
BpeMn na o6cAeAOBanne oahom ynaxoexn co- 
CTaBimo: 

lobcA.cp 13 (43 x 5.67 c * 57 x (1 1 .34 c ♦ 
1 c)/100 - 9.47 c 

npn npoaeAeHMn o6cAeAOBaHMM no M3BecT- 
Howy cnoco6y (npoTOTuny) aaa o6ecneMeHMn 
rex xe BepoflTHOCTeM aoxhoto o6Hapyxenn« 
a = 0.05 n nponycxa 33xnaAxn (i m 0.05 noTpe- 
6oBanocb yae/iuMMTb koammcctbo MMny/jbCOB b 
noc/ieAOBaTe/ibHOCTw ao 170000 npw tom xe 
nepnoAe cneAOBaHun r - 630 mkc. m BpeMn 
ofic/ieAOBaHwfl Ha OAny ynaKoaxy cocTaBM/io: 

to6cn. 55 107.1 C 
T.e. AaHHwPi cnoco6 noaso/ifieT coxpaTMTb 
epeMR oCcneAOBaHUfl aaa rexcoreHa 6o/iee 
neM b 10 pas. 

AHanornHHwe ncnwTaHMn. npoaeAeHHwe 
na oxToreHe m reTpwne noxa3a/in. hto cnoco6 
no3BOA«eT coxpaniTb BpeMA o6cneAOBaMHA b 
3.6 pa3a aa« oxToreHa n b 4.5 p333 aab TeTpn- 
na. 

QopMyna w3o6peTeHM» 
Cnoco6 o6HapyxeHM« aapwBMaTbix ae- 
mecTB c ncnoAb30B3HMeM aAepnoro xBaAPy- 
no/ibHoro pe30HaHC3 (RKP), Bxn»OHaK)tAMi?i 
o6/iyMeHne o6c/ieAyeMoro o6bexTa na m3cto- 
Te flKP MHoronMny a bCHOM nocAeAOBaTeAb- 
HOCTbio. KorepeHTHoe HaxonAeHwe RKP-cwr- 
H3Aa. o6pa6o T xy HaKonAennoro curnaAa m 
cpaBHeHMe noAyMeHHoro pe3yAbT3T3 o6ps- 
6otkm c noporoBWM 3HaneHMeM. o t a m h a »o- 
\ u m Pi c « TeM. mto uenbKD noBwoienHfl skc- 
npeccHOCTu npn oaho bpcmrmhom coxpaHennn 
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AOCTOBepMOCTM 06h3 pyXCCHHfl , npOH3BOfl«T 

Aono/iHMTe/ibHoe obnynen^e oSbeicTa MHoro- 
MMny/ibCMO^ n ocn eAO eare/i bHocTb»o» mbctotb 
3anonMeHM« paAMOMMny/ibcoB b kotopoA ot- ■ 
nuMaeTc* ot sacTOTu 3ano/iHeHn« pa^MOMM- 5 
• ny/ibcoe npwi nepsoM 06/iyMeHwn hb Be/iMHMHy 



1/2 t, rae t - nepnoA cneAOBanw» p3awomm- 
ny/ibcoe b nocneAOBaTenbHocTRx. a buboa o 
npMcyTCTBMM B3pwBM8Tbix Bewecra Ae/iaiot 
npn npeBbmiBHHH no/iyneMMoro pe3ynbTaia 
BenuMMHbJ noporoBoro 3Ha^eMM« b oahom ms 



COCTBBHTe/lb C. K66A6B 

PeaaxTop TexpeA M.MopreHTa/i Koppeirrop H. fyHbico 
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(54) METHOD OF DETECTING EXPLOSIVES USING NUCLEAR OUADRUPOLE 
RESONANCE 

(57) The essence of invention: a studied sample is irradiated with two multi-pulse 
sequences, which differ in the radio frequency pulses carrier frequency, then the resulting 
signal is accumulated and processed. 

This method is intended for detecting hidden explosives and can be used during customs 
inspection, in criminalistics and in other cases, when it is necessary to detect the presence 
of explosives inside objects without breaking the exterior casing. 

The purpose of this invention is shortening the time of detection processes without 
decreasing the rate of true detection. 

The method of detecting explosives includes the irradiation of the examined object at the 
NQr frequency by a multi-pulse sequence, coherent accumulation of NQR signal, 
processing of the accumulated signal and comparing the result with the reference value,' 
additional irradiation of the object with the multi-pulse sequence with the RF carrier 
frequency different from the RF carrier frequency used initially, by l/(2t), (where t is the 
RF pulse separation in the sequences), processing of the accumulated signal and 
additional comparison of the second accumulation with the initially chosen reference 
value. 

The conclusion about the presence of the explosive is made if the result received from 
one of the irradiations, exceeds the reference value. 



Fig.1 shows the structural diagram of the prototype of the device, which implements the 
suggested method. 



The prototype of the device shown in Fig 1 works as follows. The frequency synthesizer 
(FS) 1 (for example, of the CH6-31 type) generates oscillations with the frequency f, 
close to the NQR frequency of the explosive, which are conducted to the input of the 
radio pulses forming device 2, which on the command from the control and processing 
device (CAPD), which was represented by a PC of IN- 1200 type (France), forms a 
sequence of coherent radio pulses having the length of t w and the pulse separation t. The 
-power amplifier 3 amplifies radio pulses to the level required to create magnetic field in 
the studied volume with the intensity of about 10-20 Gauss. The amplified pulses are 
conducted to the detector 4. Usually to create magnetic field they use an inductance coil, 
included in the resonance circuit. From the detector circuit 4 the NQR signal is 
transferred to the receiving device (RD) 5, which effectuates its amplification and 
quadrature detection; to do so, reference voltages are conducted from FS 1 to RD 5, with 
the phase of one of them shifted from the phase of the other by nil using a phase inverter 
6. After filtering the low frequency signals from the quadrature channels are conducted to 
the CAPD 7 which does analog-to-di gital con version and coherent adding up of the 
signal. After the end of the pulse sequence," CAPD 7 processes the accumulated signal 
and compares the result with the reference value, which is set with the required 
probability rate p and false alarm a in mind. When the reference value is exceeded, 
CAPD 7 generates an indication for the alarm signal unit 8. If the reference signal is not 
exceeded, CAPD 7 transmits to the FS 1 the command to set a frequency equal 
f 2 =f|±l/(2t), and the second irradiation of the object with a multi-pulse sequence occurs, 
followed by averaging and the second comparison of the processed averaged NQR signal 
received after the second irradiation. If the result of the second irradiation exceeds the 
reference value, the conclusion about the presence of the explosive in the studied object 
is made. If it does not, CAPD 7 generates a signal to the A U 8 indicating that the 
explosive desired to be detected, is not there.. 

If it is desirable to check the object for several types of explosives, the above procedure is 
repeated for every explosive, with the FS 1 and detector circuit 4 re-tuned for the 
frequency corresponding to the resonance frequency of the substance desired to be 
detected. 

Tests comparing this method and the prototype method consisted in conducting two 
series of 100 tests for each method, with one test series dealing with a package of 
350x350x50 mm containing 10 g of RDX, and the other had no RDX. To identify RDX, 
the line f 2 =3410 kHz was used. The cycle of detection using this method consisted of the 
following stages: placing the package inside the detector, irradiating it with a sequence of 
9000 pulses with the pulse separation t=630 u,s and carrier frequency f,=3410 kHz, 
coherent accumulation of NQR responces. Fourier transform (FT) of the accumulated 
signal, calculation of the integral for the FT module and the comparison of the received 
result with the reference value. The reference value was chosen to ensure the probability 
rates cx=P=0.05. If during the first irradiation the reference value is not exceeded, after 1 s 
irradiation with the second sequence was carried out, with the same number of pulses and 
pulse separation, but with the carrier frequency f 2 =34 10.8 kHz. If after the second 
irradiation the reference value still was not exceeded, it was concluded that there was no 
RDX in the studied volume. The conclusion that RDX was present was made if the 



reference value was exceeded at least in one of the two measurements. When a series of 
100 tests with packages containing RDX was carried out, in 43 cases RDX was detected 
at the first measurement, and in the remaining 57 cases two measurements were 
necessary, and the average time required for examining 1 package was- 
T del av=(43x5 .67s+57x( 1 1 .34+ 1 s)/ 1 00=9.47s 

When using the prototype method, to ensure the same probability rate of false detection 
a-0.05 and non-detection p=0.05, it was necessary to increase the number of pulses in 
the sequence to 170000 with the same pulse separation 630 jis, and the time of 
examination for one package was: 

Tdet.= 107.1s 

i.e. the suggested method permitted shortening detection time for RDX more then ten 
times. 

Similar tests for HMX and tetryl showed that this method.permitted.shortening.detection— 
time 3.6 times for HMX and 4.5 times for tetryl. 

Formula of invention 

The method of detection of explosives using nuclear quadrupole resonance (NOR) which 
includes irradiating of the examined object at NQR frequency with a multi-pulse 
sequence, coherent accumulation of NQR signals, processing of the accumulated signal 
and comparison of the obtained result with the reference value; it differs from the other 
methods by the following: to decrease the time of detection and to preserve the accuracy 
rate, an additional irradiation of the object with a multi-pulse sequence is undertaken The 
carrier frequency of this sequence differs from the carrier frequency of the first 
irradiation by 1/2t, where t is the pulse separation of the radio frequency pulses in the 
sequence, and the conclusion about the presence of explosives is made when the obtained 
results exceed the reference value in one of the irradiations. 
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